Abstract: T-vectors play an important role in cloning of polymerase chain reaction products. In the present study, a novel pUEG-T vector was developed using enhanced green fluorescent protein (EGFP) as an indicator. To improve EGFPbased green-white screening, the lipoprotein mutant promoter, a strong constitutive promoter, was utilized to control the expression of egfp gene. Two other efficient expression elements, the ColE1 replication origin of pUC18 and the expression cassette of pET-28a, were also integrated into pUEG-T vector. Expression analysis demonstrated the efficient accumulation of active EGFPs in Escherichia coli DH5α cells carrying the T-vector precursor pUEG. In T-A cloning using pUEG-T vector, white colonies containing foreign DNA and green colonies having no insertion could be handily distinguished under normal white light, without any chemical inducer or chromogenic substrate. Furthermore, no false positive was observed in any of the tested white colonies. This proves that pUEG-T is an inexpensive, convenient and efficient T-vector.
Introduction
Polymerase chain reaction (PCR) is a powerful tool for rapid amplification and isolation of target genes in vitro. Due to the terminal transferase activity of Taq DNA polymerase, most PCR products have adenosine residues at the 3' ends (Clark 1988) . This characteristic is utilized to clone PCR products directly (Holton & Graham 1991) . In this cloning strategy, a T-vector with single 3' thymidine overhangs is required. Major commercial T-vectors, such as pGEM-T (Promega) or pMD18-T (Takara), are based on insertional inactivation effect of β-galactosidase α-complementation controlled by lacZ' gene fragment. According to their white colour, positive colonies containing foreign DNA fragment are handily distinguished from blue colonies which lack exogenous DNA inserts. However, due to requiring additional isopropyl β-D-1-thiogalactopyranoside (IPTG) and 5-bromo-4-chloro-3-indolyl β-D-galactopyranoside (X-Gal) for blue-white screening, this system is costly and easy to cause false positive results.
To overcome the disadvantage of the lacZ' system, the green fluorescent protein (GFP) gene was considered as a reporter (Inouye et al. 1997; Ito et al. 2000; Wang et al. 2007 ). Due to its relatively weak fluorescence, the GFP system was limited in T-A cloning. To optimize this system, we attempted to place enhanced green fluorescent protein (EGFP) under the control of Escherichia coli lipoprotein mutant (lppm) promoter, a strong constitutive promoter that was characterized before (Škrlj et al. 2009) , and further combine with the advantages of the ColE1 replication origin of pUC18 and the expression cassette of pET-28a. In this study, the cloning efficiency of the newly developed T-vector was also evaluated.
Material and methods
Bacterial strains, plasmids and oligonucleotides Escherichia coli strain DH5α was used for DNA cloning and grown at 37
• C in Luria-Bertani (LB) medium (Oxoid) supplemented with proper antibiotics (50 µg/mL kanamycin or 100 µg/mL ampicillin). pET-28a (Novagen), pUC18 and pEGFP-N1 (Takara) were the base plasmids used to construct T-vector. Oligonucleotides used in this study were synthesized by Sangon Biotech Co., Ltd. 
Plasmid construction
The egfp gene was PCR-amplified from pEGFP-N1 using the following primers: 5'-ATTGGATCCGATATCGTGAGCA AGGGCGAGGA-3' and 5'-CGCAAGCTTTTACTTGTA CAGCTCGTCCAT-3'. Purified PCR products were digested with BamHI/HindIII, and then ligated into similarly digested pET-28a, resulting in pEG1. After heated at 94
• C for 5 min, the two phosphorylated oligonucleotides (5'-pGATCTTGACAACATAAAAAACTTTGTGTTATACT-3' and 5'-pCTAGAGTATAACACAAAGTTTTTTATGTT GTCAA-3') were annealed at 60
• C for 10 min to form the lppm promoter cassette. The resulting cassette was used to replace the T7 promoter of pEG1 by BglII/XbaI exchange, thus generating pEG2. EGFP expression cassette in pEG2 was amplified using primers 5'-AAACCCGGGAAACAAG CGCTCATGA-3' and 5'-AAACCCGGGCAATCCGGATA TAGTTCCTC-3', digested using SmaI and ligated into the large fragment derived from PvuII-digested pUC18, resulting pUEG. The precursor pUEG was used to prepare Tvector named pUEG-T by Taq DNA polymerase method following EcoRV digestion, as described by Zhou & GomezSanchez (2000) .
Expression efficiency analysis of EGFP
The expression efficiency of egfp gene under the control of lppm promoter was assessed using the E. coli DH5α strain carrying the vector pUEG. The 0.5 mL of overnight bacterial culture was inoculated into 100 mL fresh LB medium, and then incubated with shaking at 37
• C. At different time intervals (0, 4, 6, 8, 10 , 12 and 14 h), the green fluorescence intensity of properly diluted culture was determined by Cary Eclipse fluoscence spectrophotometer (Varian) at an excitation wavelength of 490 nm and emission at 511 nm. The experiment was repeated three times. Subsequently, the bacterial samples expressing EGFP were detected by SDS-PAGE with a 5% stacking gel and a 12% separating gel, followed by Coomassie blue staining.
Evaluation of cloning efficiency
To evaluate cloning efficiency of pUEG-T, polyhedrin (ph) gene was PCR-amplified from Clanis bilineata nucleopolyhedrovirus (ClbiNPV) genomic DNA using the following primers: 5'-ATGTATACTCGTTACAGTTACAGTC-3' and 5'-TTAGTATGCAGGACCAGTGTA-3'. PCR amplification was performed in Peltier thermal cycler (Bio-Rad) • C. Reaction mixtures were carried out in 25 µL volumes containing 1×PCR buffer, 0.2 mM of each dNTP, 2 µM of each primer, 50 ng genomic DNA, and 1 unit of Taq DNA polymerase (Takara). PCR products were examined in 1.2% agarose gel, and then ligated with 10 ng of pUEG-T. After transformation of E. coli DH5α and incubation overnight, colony colour was observed under the white light. One hundred white colonies were picked out randomly to check for the presence of ph gene insert by colony PCR, in which most parameters were described above, but without ClbiNPV genomic DNA template.
Results and discussion
In the present study, we developed a new T-vector pUEG-T using egfp gene as a reporter, which was under the control of strong constitutive lppm promotor (Fig. 1) . The expression level of egfp gene in DH5α strain harbouring the T-vector precursor pUEG, was also detected. The data showed that, at 4 to 14 h during incubation, recombinant EGFPs with a molecular weight of 30.7 kDa were massively accumulated. As a result, the green fluorescence signal increased greatly (Fig. 2) . When using pUEG-T, generated from pUEG, for T-A cloning, foreign gene would insert into the cloning site between lppm promoter and egfp gene, and impede the expression of EGFP. Thus, the positive colonies containing foreign DNA would be white. On the other hand, the colonies without foreign DNA could produce strong green fluorescence, which is easy to observe under normal white light, and the green fluorescence can also be observed after short-term culture in liquid LB medium (Fig. 3) . To examine whether there would be any false positives, 100 white colonies were amplified. The results showed all white colonies contained foreign DNA in pUEG-T (Fig. 4) .
In contrast with blue-white screening, green-white screening is less expensive and more convenient. In previously published research, inducible lac promoter was used to control egfp gene; and the expression level of EGFP was relatively low. To clearly differentiate between green colonies and white colonies, E. coli cells had to be incubated for 18-19 h and visualized under UV light (Inouye et al. 1997; Ito et al. 2000) . Longtime incubation might cause satellite colonies to appear, and UV light might lead to mutation of inserted target gene. Since these side effects are adverse to further studies, increasing the expression efficiency of GFP was essential for development of the improved GFPbased T-vector. In this study, multiple elements, including ColE1 replication origin derived from pUC18, the expression cassette of pET-28a and the strong constitutive lppm promoter, were integrated into pUEG-T. All of these elements contributed to the efficient expression of EGFP. After culturing for 12 h, the green colonies could be clearly distinguished without assistance of UV light.
In conclusion, a new T-vector pUEG-T was constructed and tested in this paper. It had two major advantages: (i) low cost and convenience because no chemical inducer or chromogenic substrate was required during bacterial culture; and (ii) efficient green-white screening since colonies with foreign DNA could be easily distinguished from colonies without foreign DNA according to white versus green colour under normal white light, and no false positive was found in white colonies. 
